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Thesis Summary 
In this dissertation, an evaluation method for motion and muscle activation is proposed for the 
management of low back pain (LBP) during pregnancy using an inertial measurement unit (IMU). 
Women experience specific anatomical and physiological changes during pregnancy. These changes 
cause movement instability and impose excessive strain on body muscles, such as the erector spinae 
(ES), contributing to LBP. Physical modalities based on assessments of both motion analysis and 
observations of muscle activation are effective for the management of LBP. Regarding motion analysis 
in clinical practice, therapists usually conduct an objective assessment by observation, which results in 
low reliability. In contrast, the use of the IMU enables us to measure some motions objectively and does 
not restrict the measurement environment. Moreover, the direct evaluation of muscle activation during 
pregnancy is difficult because the setup for electromyography measurement is uncomfortable for 
pregnant women, such that co-contraction activation of the ES and the rectus abdominis muscles for the 
stabilization of the trunk segment is also difficult. 
Chapter 1 describes the introduction and the motivation of this study. 
In chapter 2, a description of a prospective cohort study conducted on 275 pregnant women to 
investigate the activities related to LBP during pregnancy using a questionnaire with descriptive answers 
is presented. As a result, it is revealed that daily routine activity such as ways of STS rather than special 
motions that require extra task or effort is related to LBP during pregnancy.  
In chapter 3, the evaluation indexes of STS motion that affect lumbopelvic pain (LPP) during pregnancy 
are proposed using lumbar angular velocity data obtained from an IMU. Simultaneously, some indexes 
that reflect the change of body mass index (BMI) in pregnancy are proposed. Finally, based on the 
proposed indexes, it appears that the motion of the trunk of the pitch angle during STS and change of 
BMI during pregnancy have some relevance to LPP.  
In chapter 4, a musculoskeletal model for pregnant women that reflect the characteristic change during 
pregnancy, such as the weight gain, is developed to estimate the ES muscle activation, which is a risk 
factor of LBP. Then, the co-contraction activation of the ES and rectus abdominis is estimated from the 
result of the musculoskeletal model and electromyography (EMG) data using a genetic algorithm (GA).  
Chapter 5 describes the motion analysis of STS conducted using an IMU to investigate the relationship 
among motion, muscle load, and LBP during pregnancy by applying the method proposed in chapters 3 
and 4. Subsequently, the relationships between motion evaluation indexes and ES muscle activation, 
and between motion evaluation indexes and the intensity of LBP are presented. A statistically significant 
positive correlation is observed between the pitch angular velocity of the trunk movement and the ES 
muscle activation, and between the muscle activation and the intensity of LBP. 
Chapter 6 describes the conclusion of this dissertation. 
